AbstrAct: Human lips are one of the most sexually dimorphic facial features. Although lip morphology is considered particularly important for female facial attractiveness no systematic empirical study has been conducted in this respect. This study aimed to investigate a relationship between female Caucasian facial attractiveness and their lip morphology. Two series of morphologically average composite portraits with digitally increased and decreased lip width and height measurements were assessed by adult men and women. Results were analysed using repeated measures ANOVA. When compared to the average lip shape both a decrease and an increase in lip width were associated with lower female facial attractiveness. A systematic increase in lip height from the lowest values to the highest, was associated with an increase in attractiveness scores. Attractiveness assessments of men and women did not differ significantly. The results show that perception of lip attractiveness may be intersexually congruent and that a variation in lip morphology may significantly affect female facial attractiveness. .
Introduction
The human face is one of the most important features in general perception of human physical attractiveness (Peters et al., 2007) . Consequently, a great number of studies concerning the role of physical attractiveness in human mate choice, concentrates on this part of the body (Danel and Pawłowski 2009; Kościński 2008a Kościński , 2008b Little et al. 2011; Rhodes 2006) . Facial morphological structures such as eyes, nose and the mouth initially focus the observer's attention and seem to be particularly important for the facial attractiveness of men and women (Hassebrauck 1998) see also: (Danel and Pawlowski 2007; Frąckiewicz 2001) . Other authors (Bisson and Grobbelaar 2004; Klein 2005; Michiels and Sather 1994) indicate that lip morphology is particularly important for aesthetic judgments of the female face.
The high importance of the mouth region to female facial beauty is not surprising. This area of the face is one of the most important components of facial sexual dimorphism (Burriss et al. 2007; Danel 2008; Farkas 1981; Samal et al. 2007) . In contrast to several sexually dimorphic facial characteristics such as suggests that lips, as a part of a woman's facial sexual ornament, could be a reliable marker of high biological quality (Thornhill and Gangestad 1999) . This refers to the 'double-edged sword' nature of sex hormones which on the one hand, facilitate the development of secondary sex traits, and, on the other, handicap the immune system (Folstad and Karter 1992; Giannoni et al. 2011; Jansson and Holmdahl 1998; Kanda et al. 1996; Salem 2004; Wedekind and Folstad 1994; Yesilova et al. 2000) . Conspicuous sexual ornamentation certifies that an individual was able to cope with the costs related to the development and maintenance of secondary sex traits (Zahavi1977, 1975 . With such a perspective, lips as a putative morphological marker of high oestrogens to testosterone ratio could be a perceptible cue relating to high female phenotypic and genotypic quality and reliably advertising of high immunocompetence.
The above considerations highlight the significance of lips for female physical facial attractiveness. Therefore, it is surprising that according to our best knowledge there are no systematic studies on the effect of variation in female lip shape on the perception of female facial attractiveness. The main objective of our study is to determine a relationship between female lip morphology and assessment of perceived facial attractiveness. By digital manipulations of the main lip anthropometrical properties which are visible on selected female portraits we would like to reveal both inter-and intrasexual aesthetic standards of female Caucasian lips. Since human lips are one of the most sexually dimorphic facial features, we hypothesize that distinctive feminine lip shape (large width and height) would be perceived as attractive when compared to average lips in a given population. large jawbones, prominent cheekbones and in general, longer faces, whose development can be attributed to testosterone (Verdonck et al. 1999) , the feminine 'full lips' of females with a distinctive high, reddish vermilion zone are considered a marker of high oestrogens to testosterone ratio (Penton-Voak and Perrett 2000; Thornhill and Grammer 1999; Thornhill and Møller 1997) .
The sole fact that lips are one of the most important female facial femininity markers, does not satisfactorily explain possible reasons for their attractiveness. This becomes clear however when the adaptive role and biological meaning of male preference for female markers of femininity such as lips are analyzed. Since sexual dimorphism develops mainly during maturation (Samal et al. 2007; Tanner 1989 )prominent, red, supple and full lips are one of the visible signs of female sexual maturity. Moreover, it is suggested that in adult women during their reproductive lifespan, concentrations of sex-steroid gradually decrease and consequently age-related changes are also expected in morphological markers of hormone levels such as the lips (Thornhill and Gangestad 1999) . In fact, other authors revealed that in both adult men and women the lip height and vermilion height-to-width ratio decreases with aging (Sforza et al. 2010) and that, at least in women, some age-related changes in lip morphology can be attributed to hormonal status (Caisey et al. 2008) . Thus, referring to the fact that female reproductive lifespan is limited between menarche and menopause, feminine and sexually attractive lips may be considered as a female marker of youthfulness, sexual maturity and reproductive potential.
Another approach explaining the high attractiveness of female feminine lips posite portraits. Distances corresponded to the classic anthropometric measurements of lips: labrale superius-labrale inferius (height) and chelion-chelion (width).
After resizing, modified lips were placed on the original face and underwent retouching to hide the placement marks of any overlaying face fragments. The overlapping elements had a precisely defined calibration point i.e. stomion (in the centre of the mouth) which enabled us to avoid relocation of the elements relative to their original position. This allowed the construction of 2 series of 10 portraits (Figures 1-2 ), each presenting a young woman's face with lips containing a modification only in one of two ways (height or width) and using a specified modification step.
Attractiveness judgments
The effect of lip manipulation on the perception of female facial attractiveness was studied using the Antropologus software package, which was used in another study (Lewandowski 2011) . This software enables presentation of both stimuli and relevant questions on a computer screen, counterbalancing picture exposure order and time, as well as automatically generating user-friendly databases, ready to use
Material and methods

Stimuli preparation
In the study we used composite portraits and preparation was carried out using scientific face-processing software 'Psychomorph' (Rowland and Perrett, 1995; Tiddeman et al., 2001) . Based on the coordinates of 179 landmarks for each image, Psychomorph (University of St Andrews) generates a composite picture of averaged facial shape. In the current study, a composite portrait was averaged from 26 colour photographs of young Caucasian faces of women aged 19-23 -photographs were randomly selected from a database of 60 students.
This composite face was subjected to two separate types of graphic manipulation, changing, by digitally stretching and narrowing, width or height of the 'average' vermillion border (previously cropped along its shape and copied) in the range of ± 20%, with a 4% step. We utilized a graphic editing program Adobe Photoshop (v7.0 CE) to prepare all stimuli used in the following stages of our experiment. The 'base' values of vermilion height and width used for modification were obtained from digital measurements of the averaged lips from the com- of the particular portrait pairs, a black screen was presented for 1000ms. All the subjects used the same notebook with a matt 15,4" LCD screen and a resolution of 1024x768. The distance from the computer was approx. 0.5m. There was scattered light in the room where the assessment was undertaken.
Statistical analyses
Statistical analysis was performed using repeated measures ANOVA (General Linear Model). Percent of modification (%MOD -original and 10 modified pictures) and type of modification (MOD_ TYPE -height, width) were defined as repeated measures, within-subject factors and raters' gender (men, women) as a between-subject factor. The attractiveness score reflecting the attractiveness assessment of a given face in relation to the average, un-modified lip morphology was a dependent variable. The repeated measures ANOVA was used despite a minor violation of the ANOVA assumptions (normal distribution and variance homogeneity). However, ANOVA results are fairly robust for such deviations especially when sample sizes in each group are equal (Field, 2005) , as it was in our study. Since the sphericity assumption was violated for %MOD (χ(54)=124.90, p<0.0001) and an interaction between %MOD and MOD_TYPE (χ(54)=239.50, p<0.0001) a Greenhouse-Geisser correction was applied to the final analysis. For statistically significant ANOVA main effects and interactions post-hoc analyses were performed. Since the participants assessed attractiveness of the modified faces always in reference to the unmodified average (in the studied population) lip shape the Dunnett's post-hoc test was used and the face with original, average in statistical software packages. Eighty judges between the age of 19-23 years old (40 Caucasian women and 40 Caucasian men; all gave informed consent to participate in our study) assessed attractiveness of each modified faces in relation to the composite, average face of the population. In a briefing before the experiment participants were informed how to use the software and clearly instructed to compare two faces presented on the screen to each other. In the experiment, both portraits (the original i.e. 'average' and the modified one) were displayed simultaneously and randomly (in terms of the order and presentation side left-right) on the colour computer screen. On the bottom of the original composite portrait the following sentence was displayed: "Compared to me, the women opposite is…" In order to complete the sentence the subjects selected one option from a 7-step scale (1-7) which was displayed under the portraits. The extremities of the scale were defined as "much less attractive" and "much more attractive" (Figure 3 ). The participants were not informed that one face in each pair is always the same.
The exposure time of the portrait pairs was not limited. Between exposures These results might have suggested that the link between attractiveness judgments and the degree of lip modification would resemble an inverted U-shape. However further analysis on the effect of the statistically significant interaction between %MOD and MOD_TYPE on beauty preferences (F(6.95, 541.74)=23.54; p<0.0001) revealed a more detailed pattern. The inverted U-shape representing the relationship between beauty assessments and %MOD was observed for lip width modification. 
Results
The analysis of the ANOVA main effects revealed no statistically significant differences between the overall preferences of men and women towards the presented faces (F(1,78) .001) . Attractiveness of the other degrees of lip modification (i.e. 92%, M=3.83, SE=0.14; 96%, M=3.98, SE =0.13; 104%, M=4.06, SE=0.14; 108%, M=4.09, SE=0.14; 112%, M=3.81, SE=0.18) were not significan-ted female facial attractiveness. However, the patterns of the revealed relationships were different. In general, when compared to the attractiveness of a face with an average mouth shape, both a decrease and an increase in lip width lowered female attractiveness. A differing relationship pattern was observed for lip height. Here, attractiveness scores were the lowest for height-reduced lips. A systematic increase in lip height resulted in an increase in attractiveness judgments which were the largest for the tallest lips. Interestingly, the results were unrelated to the sex of the judges i.e. attractiveness assessments of men and women were similar.
Numerous authors suggest a considerable role for female lips in female physical attractiveness as well as their high significance in biological cueing of youth, sexual maturity, reproductive potential and health (Penton-Voak and Perrett 2000; Thornhill and Gangestad 1999; Thornhill and Møller 1997) . This attractiveness of faces with the most enlarged lip height (i.e. 120%) were the highest (M=4.75, SE=0.16) and again significantly different from the unmodified portrait (p=0.02). Patterns of the results both for lip height and width are presented in Figure 4 .
The effects of other interactions did not reach a statistical significance level i.e. %MOD and Participants' Sex (F(7.28, 567.64)=1,94; p=0.06), MOD_TYPE and Participants Sex (F(1,78) 
Discussion
In this study we have shown that differences in lip morphology may be related to the perception of female facial aesthetics. Keeping other facial traits constant, both lip height and width significantly affec- Fig. 4 The effect of %MOD and MOD_TYPE interaction on attractiveness judgments (dots and squaresmeans, from the average lip width may diminish beauty of generally average female faces.
Results showing that the highest ratings of attractiveness can be attributed to the average lip width and increased lip height also suggest that sex-specific informative role of vermilion zone is more related to the lip height than width. This means that higher than average lip height values may be a cue to such qualities such as high oestrogens to testosterone ratio, high reproductive potential, younger perceived age which are commonly linked with prominent, full lips and female facial attractiveness (Jones and Hill 1993; Penton-Voak and Perrett 2000; Thornhill and Grammer 1999) . Further studies may elucidate how lip height is related to a women's hormone profile as well as how lips affect the perception of age and fertility status in female faces.
The lack of sex differences in attractiveness assessment which was revealed by our study indicates that lip morphology may similarly affect both male and female perception of women's faces. Such congruent opinions regarding lip attractiveness suggest that both sexes may correctly estimate the role of lips in female attractiveness. This knowledge may be used not only in perspective of mate choice but also in social contexts. For instance, (Guéguen, 2012) , showed that women's ornamentation of lips by red lipstick may influence a number of interpersonal contacts with men and decrease the amount of time needed for first contact with opposite sex individuals. Moreover, Guéguen and Jacob (2012) revealed that using red lipstick by female waitresses increased a number and amount of tips given by male (but not female) customers. Further studies may investigate if such conscious or subconscious recognition of male beauty preferences by females is asmay suggest that a generally 'larger' vermilion zone would be perceived as more attractive. Our results showed that such assumption may not be unambiguously true. A positive effect on attractiveness judgments may be attributed mainly via an increase in lip height but not width.
In our study, the participants assessed facial attractiveness always in relation to the average composite portrait with unmodified average lips. This allows the discussion of our results within a context of the role of averageness and distinctiveness in facial beauty. Starting with the seminal work by Galton (Galton 1878) facial averageness (i.e. resemblance to the mean facial morphology within a population) is considered attractive. The positive association between facial averageness and attractiveness was supported by many recent studies (Komori et al. 2009; Langlois and Roggman 1990; Langlois et al. 1994; Rhodes et al. 2001) . However, it is also well known that average face morphology is not the most attractive (Alley and Cunningham 1991; Perrett et al. 1994) . For instance, facial sexual dimorphism which enhances facial distinctiveness also affects attractiveness ratings (Perrett et al. 1998) . In fact, Baudouin and Tiberghien (2004) showed that thick female lips may significantly increase attractiveness of generally average female faces. However in their study, lip shape was neither individually manipulated nor the size of other facial traits kept constant. Possible interactions with other facial features may influence the effect of lip morphology on attractiveness. Using a composite portrait in our study solved this problem. Allowing for variability in facial morphology, we clearly showed that it is an above average height of lips which increases facial attractiveness of an average female face. In contrast, deviations sociated not only with lip colour but also with lip shape.
A possible limitation of our study may result from the fact that we analyzed the effect of lip modification on attractiveness perception using only two -dimensional pictures. In the study we did not analyze the role of lip thickness in female facial attractiveness. Since lip protuberance is possibly associated with lip shape (especially lip height) further investigation would be more accurate if the analysis includes three-dimensional stimuli.
In conclusion, our results show that lip shape affects women's facial attractiveness. When compared to average lip shape in a given population women with a close to average lip width and those with the tallest highest lip are perceived as the most attractive both by men and women. Our results show an intersexual congruency in the attractiveness perception of the vermilion zone.
